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The  construction  and  operation  of  a  dehydration  plant  in  wartime  are  some- 
what different  from  a  similar  enterprise  in  time  of  peace.     The  main  dif- 
ferences result  from  the  scarcity  of  critical-  materials  and  labor.'  Monetary 
costs  are  a  secondary  consideration,  whereas  in  time  of  peace  they  are 
paramount.     The  task  in  wartime  is  to  produce  the-  desired  quantity  of 
quality  goods  when  needed.    From  the  standpoint  of  plant  construction  and 
process,  the  problem  is  largely  one  of  engineering  and  technology.  How- 
ever, proper  construction  and  operation  of  these  plants  are  matters  to  study 
from  a  cOst  standpoint,  since  efficiency  is  best  measured  in  terms  of  dollars 
and  cents. 

This  discussion  deals  with  plant  layout  and  equipment  and  labor  require- 
ments, mainly  from  a  cost  standpoint.    There  is  no  intention  to  engineer  a  •■ 
plant  nor  to  .advocate  methods  of  processing.    Engineering  and  technological 
considerations  are  discussed  only  in  relation  to  the  probable  cash  outlay 
for  plant  and  the  probable  processing  costs  under  the  conditions  as  stated. 

Even  though  the  cost  of  the  plant  and  equipment  may  appear,  high,-  it  is  only 
a  minor  consideration  in  determining  the  processing  cost- per  dry  pound.  The 
day-to-day  charges-  such  as  labor,  raw  material,  packaging  supplies,  etc., 
are  by  far  the  greater.  In  many  cases  the  cost  of  raw  material,  labor,  and 
packaging  supplies  for  only  one  month  amount  to  more  than  the  total  initial 
s  investment  for  plant  and  equipment.     Capital  investment  should,  neverthe- 

less, be  given  careful  consideration.     The  type  of  building,  kind  of  equip-, 
ment,  and  plant  layout  are  important  factors  in  the  efficient  operation  of 
any  dehydration  plant.    A  plant  must  be  so  engineered  as  to  make  the  most 
efficient  use  of  labor,  equipment,  and  floor  space,  and  to  handle  raw  mater- 
ials without  damage -and  waste,  if  low  operating  costs  are  to  be  attained. 

The  various  units  of  a  dehydration  plant  must  work  together  as  an  inte- 
grated whole.    A  properly  planned  dehydration  plant  is  not.  built  around  a 
particular  place-  of  equipment  nor  around  a  certain  step  in  the  process. 
The  different  operations  must  be  balanced,  with  no  ."bottlenecks."  To 
accomplish  this,  the  capacity  of  each  piece  of  equipment  should  be  somewhat 
flexible  so  that  an  operating  balance  can  be  secured  without  seriously  im- 
pairing the  efficiency  of  any  part  of  the  plant.     New  plants  should  be  com- 
pletely engineered  before  construction  begins.     Otherwise,  costly  changes  may 
be  required  later. 

The  series  of  processing  steps  frequently  followed  in  the  dehydration  of  cab- 
bage is  shown  in  the  accompanying  flow  sheet  (fig.  l).  These  steps  are  stan- 
dard in  many  dehydration  plants .  The  steps  include  blanching  on   trays,  which 
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i^' regarded  as  preferable,  to  "blanching  on  a' continuous  bolt,  and  it  is  issued 
that  the  cabttfvge  is  cut  into  shreds.  ;  ■  .  =  '  assured 

SB^MiM.  .Requirements 

The  building  need  not  be  expensive,  but  certain  features  are  essential  It 
must  have  good  concrete  floors  throughout  and  ProPer  drainage  so  that  ills 
"o    ^o'vV-         to^.kept  clean,    All  outside  openings  should  be 
Jhnnf'L8  +        rnd  other  insects  cannot  enter,  and  outside  screen  doors 

sirab'L?       "Ut0mtlC  Cl°Sing  devices'    Rodent-proof  construction  is  highly  de! 


■  Th?/lsf  i^outs  Presented"  here  sho,:  practical  floor  plans  end  will  serve  as 

tTo^3    BJi^r^'f  rTire'fGts  ?ad  **********  for'the  different  opera- 
tions.    Buildings  of  rectangular  shape  are  used  for  illustrations  because  th-y 
are  a  commonly  used  type.     If  the -plant,  is"  to-be  located  in  existing  build-  ' 
^fbosfnennor?  ^  "°  ^  advantaS0'  °f  the  available  space  in 

In  sone  cases  it  nay  not  be  feasible : to  locate  all  parts  of  the  plant  Within 
Silling^c^n  SeruSed?'Ular  *****  *****  **  ^ 

A  sugary  of  the  requirements  of  various  sections  of  the  building  is  riven  in 
l'f  ;Pfff5f  l0C£ti0n  -d  other  considerations  are  discuss^!    to  the  ■ 
th    -oL^of  fi^"E?fC  ^  operating  plants  and  an  objective  appraisal  of 
t_Mo  adequacy  of  these  allowances,  approximate  floor  space' requirements  for 
various  parts  of  the  plant  are  given  in  table  2.  ■  • 

Figures  2  and  >  to- 6  present  plant  layouts  for  dehydration  plants  rar~in*  in 
size  iron  a  capacity  of  5 -to  50  tons  per  day,  ■  unprepared'  basis.    The  oltnt 
layout  £!,orn  in  figure  2  is  designed  for  the  dehydration  of  cabbage      The  - 
layouts  shown  m-the  other  three  figures  are  designed  for- root  vegetables  sue* 

as  Potatoes,  carrots,  and  rutabagas ,  but  are  presented  here  to  s£  ft  2tton 
^  ^IW^t  U^:°f*  oounterflo, 'tunnel  drier  ,nd"a  c^yor'ty" 
dr^r,  end  for  the  5-ton  plant  the  arrangements  in  a  very  S"'al]  dehvdrator  Rv 
changing  the  preparation  lineup,  providing  proper  rar;  malrTal  stoSefaM  ' 
making  allowance  for  the  drying  capacity  of  the  dehydrator,  these  sar^  layouts 
can  be  used  as  a  base  for  dehydration  plants  handling  cabbage/ 

Equipment  Requirerte nt s 

Only  properly  designed  and  carefully  built  machinery  should  be  used.    A  poor  • 
cut ua*  or  slioer  may  cause  damage  to  the  product  and  increase  wash^  losses 

t>  ,oss  that  ..ill  be  incurred  by  the  use  of  one  poorly  designed.  Improperly 
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TABLE  2. — Approximate  floor  space  requirements^/ 


Ear  material  - 

storagei!^ 
Finished  product 

a  nd  pac ka  g  i  ng 

supplies  »; 

storage4/  '.'  •' 
-reparation  ■■ 
Drying^/  = 
Packaging?  ;  - 
Boiler  'room©/ 
Laborafcry 
Locker  and  ; 

wash  roons 
Office 
Machine  shop 

and  tray 

repair 
Sewerage   

Total 


5-ton  f  - 
plant^/ 

25-ton  : 
1  plants/ 

,50- ton  -  ■ 
■'  Plant2/ 

■  A  ;  100- ton 
plant2/ 

, 50-ton  i 
plant  in 
sketch 

LOW 

High 

■Low 

Tjo'rr 

S  &ish    Low  ,  High 

• 

SoUf)  TP 

fee  t 

300 

600 

.1,500 

3,000 

3,000 

OOO 

J  J  wot/ 

6  000  TO  000 

■  3,500 

400 

300. 

2 , 000 

3 , 000 

3 ,000 

5  .'000 

•  A. Q00  ^O.OGO 

,  ■ 

•  4,500- 

300 

600 

1,000 

2 . 000 

2,500 

3,000-  5,000 

1 ,  cLO . 

1,000 

2,000' 

3,500 

5,000 

7,000 

9,000 

•10;,  000  14,000 

3, cob''  . 

100 

200 

4.00 

600 

:  500 

.  800 

.'■  '800  1,000 

'.  500  •  • 

100 

200 

300 

500 

500 

.  500 

-800  1,200. 

•'•  6oo  ;■■ 

"10Q 

200 

2go 

-  lO'Q 

■  "300  5Q0 

•••  300  ' 

150 

300 

"Xoo 

800 

soo 

1,200 

1,200  2,000 

1,150 

'300 

500 

4.00 

600 

500  750 

500 

200     400       400     800      j  500    1,000  550- 
Elevated  bin  for  core  and  trimnin.cs-  '»  -  , 

,350    4,700  .9,700  16,000  17,300  26, 100  29,100  45,450  21,400. 


1/  The  lor:  lir.it s  of  floor  space  will  be  undesirable  in  jnost  instances. 

2/  Capacity  given  in  tons  per  24  hours,  unprepared  basis.-  5  .' 

3/  The  space  indicated  for  raw  material  storage  will  provide  bulk  storage  for. 
cabbage.     Usually  only  one  day'  s  supply  is  desirable;  '■ '  Additional  space  must 
be  provided  if  a  larger  supply  of  raw  naterial  is.  to  be  kept  on  hand.  A 
further  extension  of -the  storage  pens  will- provide  the  required  space.  . 

4/  Additional  storage,  space,  50  percent  or  more  of  that  indicated  here,  should 
be  provided  on  mezzanine  floors  or  in  separate  buildings  for  sto.ra.ge! of  \  .  ; 
chemicals , is pare • equipment ,  and  other  items  that -accumulate.     It  is  assumed 
here' that  these  dehydration  plants  are'-. :on  a  war  basis  and  finished .  goods  are 
shipped  as-  soon  as 'shipping  facilities  are  •  available .    However,  for  normal 
operation  in  peace  time,  plants  of ' the •  sane'  capacity  will  ordinarily  need- 
more- space  for  storage  of  finished  .'  goods.  •"•  .'  '•'      '  •. 

5/  Floor  space  allowances  for  the  de.hydrator  are  based-  .upon  truck  end  tray  ; 
tunnel;  driers.  j  V   .  '  .  ..•      •'■''--  •  •  ?'';■•  '  • 

6/  Floor  s^ace.  allowances'  for  the.  boiler  room  are  based'  upon  the  use.  of  "steam 
for  blanching  and  incidental,  use.s  only;-    If  steam-heated'  driers'  are  used ,-  :•':' 
this  item  must  be- raised.  .  •  :  •        »«.*•'" '  "       ••  •■.  . 
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dcsipned  elevators,  conveyors,  and  washers  may  be  too  rough  in  their  action, 
resulting  in  damage  to  the  product. 

Ruggodnoss  and  long  operating  life  arc  important  in  equipment-.    High  initial 
costs  arc  justified  when  they  result  in  reduced  repairs  and  replacements. 
Repairs  cruse  grief  and  expense  due  to  interruption  of  production  and  im- 
proper handling  and  processing. 

Where  there  is  a  possibility  that  the  stopping  of  any  machine  will  interrupt 
the  continuous  flow  of  the  product  through  the  plant,  some  means  of  substi- 
tute operation  should  be  available  or  else  there  should  be  water  immersion 
storage  facilities  for  the  unfinished  product  so  that  it  will  not  deteriorate. 
In  larger  plants,  it  may  be  justifiable  to  provide  two  of  almost  all  major 
items  of  equipment,  not  only  because  of  the.  possibility  of  a  breakdown,  but 
also  from  an  operating  standpoint.    For  example,  two  or  even  three  trimming 
belts  are  preferable  to  one,  and  it  may  be  desirable  to  provide  two  smaller 
blanchers  instead  of  a  single 'large  one.     This  arrangement  has  particular 
value  when  two  products  are  run  simultaneously  or  a  product  is  being,  prepared 
in  two  forms. 

Oversized  equipment  may  be  a  ^'ise  investment.    "Various  parts  of  the  preparation 
line  are  then  able  to  handle  increases  in  throughput  which  may  occur  as  a  re- 
sult of  improvement  in  quality  of  raw  material  or  changes  in  labor  and  equip- 
"ment . 

On  the  other,  hand,  much  can  be  done  to  reduce  investment  in  processing  equip- 
'  ment.  The  number  of  elevators  and  conveyors  can  be  reduced  by  placing  some 
machines  on  elevated  platforms  directly  over  other  machines,  thus  utilizing 
gravity  flow.  This  also  reduces  the  floor  space  required.  Elimination  of  all 
unnecessary  handling  of  the  material  reduces  the  amount  of  labor  and  equip- 
ment needed,  and  results  in  a  better  finished  product,  This  is  particularly 
true  of  cabbage  because  it  does  not  handle  well  on  elevators  or  conveyors. 

Table  3  presents  a  summary  of  operating  steps  in  the.  preparation  of  raw  material 
for  drying  with  a  brief  description  of  salient  points  to  be  considered  in* 
choosing  the  equipment.     .     .;  •  • 

Choice  of  drier . --Three  types  of  vegetable  dehydrators  are  shown  in  figures  2 
and  4-  to  6.    Figure  2  shows  a  plant  capable  of  handling  '50  tons  of  raw  pro- 
duct per  day,  in  continuous  operation.     The  dehydrator  is. of  the  multistage 
tunnel  type.    Figure  4  shows  a  25-ton  plant  with  a  counterflow  tunnel  drier; 
and  figure  5,  a  conveyor  drier.    All  are  planned  to  include  finishing  bins. 

This  presentation  is  not  meant  to  inply  that  a  multistage  unit  -is  better  for 
a  50-ton  plant,  and  a  conveyor'  type  for  a, '25-ton  plant.     The  examples  'are  pre- 
sented for  illustrative  purposes  only  and  it  is  probable  that  each  of  these 
types  will  be  used  in  the  'future'  in  a  wide  range  of  plant  capacities.  '  The 
capacities  indicated  are  only  'nominal;  the  true  capacity  of  each  is  dependent 
upon  the  product,  the  drier,  design,'  heat  input  and  air  circulation,  and  the 
use  of  finishing  bins. 

In  the  multistage  drier,  the  material  passes  first  through  a  parallel-flow 
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tunnel,  .then  through  a  eounterf low_  tunnel.,  and  finally  into  finishing  bins. 
If  properly  designed,  this,  is  a  very  flexible  type,  of . unit ,  permitting  the 
adjustment  of  drying  conditions  to  the  optimum  for  product  quality.  The 
second'-- stage  tunnels,  used  alone,  are  suitable  for  fruit  .drying.  ■ 

Drying  times  in  straight  counterflow  tunnels  are  not  as  short  as  in  multistage 
units  because  the  maximum  temperature  of  the.  air. is  limited  by  the  highest 
temperature  that  the  product  at'  the  dry  end  can  stand.    The  use-  of  finishing 
bins,  permitting  removal  of  the  product  from  the  tunnels  at  a  higher  moisture 
content,  partially  offsets  this  drawback. 

The  conveyor  type  of  drier  shown  in  the  25-ton  plant  has  shown  promise . in  com- 
mercial operation  and  will  doubtless  be-  used  .  increasingly  as  its  operating  -; 
problems  are  overcome,  ••  ..  . 

Figure  6  shows  the  layout  for  a  plant  handling  /+0Q  pounds  of  raw  product  per 
hour.     If  the  operation  is  continuous,- the  plant  will  process  about  5  tons  of 
vegetables  per  2!.v  hours.    The  dehydrator  is  a  9-truck  tunnel  of  small  cross 
section,  and  it  is  assumed  that  one  truck  will  be  loaded  every  50  or  60 
minutes.    The  preparation  line  will  probably  be  operated  only  one  or.  two  shifts 
per  day;  the  drying  will  therefore  continue  only  until  all, the  product  in  -the 
tunnel  has  been  dried.  ...  ■  . 

These  smaller  plants  are  not  usually  in  a  commercially  competitive  position 
unless  they  have  some  special  advantages,  such  as  low-cost  raw  material  or 
low- cost  .labor.    Small  plants,  operating  as  community  projects  or  o.n  individual 
farms,  often  justify  themselves  by. making  possible  the  saving  of  crops,  that 
have  no  ready  market.    Their  value  in  wartime  is  limited  by  the  fact  that  the 
output  per  unit  of  operating  labor  and  construction  materials  is. low.,   •  • 

The  operation  of  plants  much  smaller  than  those  handling  25  tons  per  day  is  - 
likely  to  be  intermittent,  and  batch-type  driers  or  tunnels  smaller  than  the  .  .. 
usual  commercial  type  may,  therefore,  be  preferable.    The  use  of  tunnel-type 
driers  in  a  discontinuous  operation  is  feasible  only  if. close  control  of  tem- 
perature and  humidity  is  maintained  during  the  starting -"lip  and  "shutting-down 
periods.      t  •  •  •  .  •  • 

The  choice  of  drier  may  be  influenced  by  the  amount  of  labor  required.'    Al- .  . 
though  the  output  per  dollar  of  investment  for  a. conveyor  dehydrator  is  gener.-» 
ally  less  than  for  a  tunnel  drier,  the  lower  -labor  cost  in  operating  the  former 
may  .offset  the  higher  initial  capital  cost.     If  tray- type  driers  are  used,  all 
practical  labor-saving  methods  and.  devices  should  be.  installed.     Tray  handling 
and  washing  may  entail  a  considerable  amount  of  hand  labor,  whereas -belt  clean- 
in?  may  be  almost  entirely  automatic.    When  labor  rates  are  high,  the  rehandling 
costs  involved  in  multistage  drying  may  be  sufficient  to  cause  a  reconsidera- 
tion of  the  -system  to  be  installed.    Automatic-  movement  of  the  cars  in  and  be- 
tween the  tunnels  may  overcome  this  disadvantage.  .,  ,  .  - 

It  may  not  be  possible,  however,  to  determine  which  type  of  dehydrator  is  pref- 
erable on  the  basis  of  cost  alone.     It  is  probable  that  the  choice  may  be  de- 
termined mainly  by.  technological  factors,  and  it  may  depend  also  upon  the  qual- 
ity and  quantity  of  output  and  relative  availability  of  labor  and  materials.  - 
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Tunnel  driers  require  considerable  floor  space  because  of  the  need  for  trans- 
fer tracks,  car  tracks,  car  and  tray-  storage,  tray-washing  equipment,  and  the 
tray  conveyors  used  in  loading.     The  conveyor-type  drier  requires  relatively 
little  floor  space  in  addition  to  that  occupied  by  the  drier  itself.  Through 
circulation  of  air  permits  heavy  loading  on  the  belt,  thus  reducing  required 
size  and  minimizing  needed  floor  space. 

The  upkeep  of  the  drier  is  important. •  The  cost  of  maintaining  the  trays  in 
proper  condition  can  be  balanced  against  the  upkeep  of  a  large  and  costly  belt 
or  conveyor.    Careful  handling  and  proper  maintenance  lengthen  the  life  of 
either  type  of  equipment,  ,  • 

Ample  capacity  in  the  dehydrator  is  usually  a  good  investment.    Since  the  fuel 
and  power  costs  are  relatively  low,  an  increase  or  decrease  of  even  a  substan- 
tial percentage  does  not  seriously  affect  the  total  processing  cost.  Increased 
labor  costs  due  to  inefficient  use  of  labor  in  the  preparation  line,  when  the 
dehydrator  is  unable  to  handle  the  output  of  the  line,  usually  amounts  to  far 
more  than  any  additional  drying  cost  resulting  from  the  use  of  a  slightly  over- 
sized dehydrator.  •  .  ■ 

Finishing  bins  used  in  conjunction  with  the  dehydrator  make  it  possible  to 
utilize  the  full  capacity  of  the  dehydrator  proper  by  shortening  the  time  of 
the  main  drying  operation.     This  shortening  of  drying  time  -may  result  in  an 
improvement  in  quality.     The  overall  cost  per  unit  of  drying  capacity  will 
usually  be-  less  when  finishing  bins  are  used.  • 

It -will  be  noted  that  only  air  blast  driers  are  considered.     The  principal 
reasons  for  this  restriction  are  that  air  drying  is  a  proved  method  and  that 
it  generally  gives  the  greatest  output  of  product  for  a  given  quantity  of 
critical  construction  materials.    Various-  combinations  of  vacuum,  radiant  heat, 
and  other  drying  aids  may  find  Increasing  use  as  material  shortages  become  less 
acute  if  dried  products  of  superior  quality  can  be  produced  by  these  other 
methods..       ■  ■ .  . 

Loading  and  stackinr  trays. — One  tray  line  should  ordinarily  be  adequate  for 
plants  handling  up  to  100  tons  per  day.     Proper  timing  of  tray  loading,  stack- 
ing, drying,  and  tray  scraping  is  essential  for  efficient  operation.     This  is 
especially  true  for  larg3  plants.    At  least  10  to  12  seconds  should  be  allowed 
for  handling  each  tray  at  the  loading  point  although  the  actual  time  involved 
in  taking  the  tray  from  the  loading  table  and  placing  it  on  the  truck  is  some- 
what less  than  this.     On  this  basis,  a  100-ton  plant  is  near  if  not  above  the 
limit  for  one  tray  line.     It  should  be  borne  in  mind  that  if  the  rate  is  in- 
creased so  that  the  handling  time  is  less  than  10  to  12  seconds  per  tray  or  if 
the  flow  of  product  is  not  uniform,  two  tray  lines  will  be  necessary. 

Spreading  the  product  on  trays  is  slightly  more  difficult  than  spreading  on  a 
flat  belt  because  the  sides  of  the  trays  are  higher  than  the  material.  Leafy 
vegetables,  such  as  unblanched  shredded  cabbage,  are  an  exception  since  this 
material  is  stacked  higher  than  the  sides  of  the  trays.     Several  suggested 
means  of  spreading  on  trays  are  sketched  in  figure  7» 

It  is  important  that  tray  handling  be  avoided  wherever  possible.     One  possi- 
bility is  in  the  following  arrangement.    After  the  trays  are  scraoed  and 
dumped ,  they  are  placed  immediately  on  a  tray  conveyor  which  takes  them  back 


-9- 


to  be  loaded  again.    Tray  cleaning  can  be  accomplished  on  this  conveyor  by 
means . of  .high-pressure ,  hot  water  sprays,  revolving  brushes,  etc,    A  car  stand- 
ing alongside  the. .conveyor  can  be  used  to  furnish  extra  trays  for  loading  when 
necessary.    Two  conveyors  in  series,  the  first  running  at  a  faster  speed,  help 
to- maintain  a  continuous  line  of  trays  for  loading.     If  this • system  is  used, 
tray  scraping  and  tray  loading  must  be  coordinated  for  efficient,  operation. 

Packaging  equipment . --The  packaging  room  should  be  enclosed ,' thus  excluding 
damp  air  from  the  preparation  room  and  dehydrator.  •  Air  desiccating  equipment 
is  advisable  in  many  cases.     If  a  refrigeration  system  already  is  available., 
desiccation  based  upon  refrigeration  can  be  used.    Where  no  such  equipment 
exists,  nonrefr iterative  types  are  generally  installed.    When  a  product  is,  .. 
dried  to  an  extremely  low  moisture  content,  desiccation  of  air  is  essential  and 
will  more  than  pay  for  itself  in  improving  the  quality  of  the  packaged  material. 

The  necessity  for  grinding  equipment  also  depends  largely  upon  the  demand  for 
soup  stocks,  purees,  and  seasonings.    'Onions,  celery,  and  garlic  have  been 
quite  generally  prepared  in  powder  form,  and  powdering  equipment  will  probably 
continue  to  find  its  greatest  use  for  these  'vegetables,    An  extremely  dry 
product  and  dry  air  are  essential  in  any  powdering  operation.  ' 

If  the  product  is  packaged  in  5  gallon  cans,  packaging  equipment'  costs  are  very 
moderate.    The  can  sealer  is  rented  on  a  yearly  basis  at  an  extremely  low 
rental  fee,  and  only  boxing  or  crating  tools  are  required  in  addition.  Other 
types  of  packaging  usually  require  special  equipment  which  in  most  cases  is 
more  expensive  to  install  and  operate.     If  the  product  is  compressed  before 
packaging,      special  techniques  such  as  those  described  in  AIC-5  will  be 
involved. 

Handling  capacities  and  utility  requirements, --The  capacities  per 'unit  of  time 
at  various  points  along  the  processing  line  for  the  various'  sizes  of  plants 
are  calculated  in  table  J+,     Such  tables  are  of  assistance  in  estimating  labor 
requirements  and  equipment  sizes  for  each  operation.    Although  operations  are 
considered  continuous,  employees  actually  work  less  than  8  hours  per  shift  be- 
cause of  time  out  for  lunch  and  relief  periods.    An -operating  time  of  7  hours 
per  shift,  or  21  hours  per 'day,  has  been  assumed. 

Facilities  must  be  available  to  provide  approximately  the  quantities  of  heat, 
power,  and  water  indicated  in  table  5.    Direct-fired  heat  is  assumed  for  the 
tunnel  dehydrators,  and  steam  heat  for  the  conveyor-drier. 

The  figures  in  this  table  allow  for  the  difference  in  consumption  of  utilities 
under  ■-carious  operating  conditions.     The  indicated  demand  load  for  electric 
power  is  really  total  connected  load.     The  average  operating,  load  will  be 
smaller .  w    ■  •  ' 

Labor  Requirements  . 

Labor  costs  are  so  important  in  dehydration,  that  efficient  use  of  labor  is  es- 
sential if  reasonable  operating  costs  are  to  be  attained.     The  number  of  em- 
ployees in  a  dehydration  plant  is  by  no  means  fixed,  and  preliminary  .estimates 
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TAELE  L. --Operating.  capa.cities  per  unit  of  time 
(operating  21  hours  per  day) 

5-ton  25-ton.  '50-ton,  100-ton 
plant!/    plant!/    .plant!/  olant!/ 


Unprepared  basis : 


Pounds 

per 

hour 

4-75  ■ 

•2,375  , 

.£,750, 

9,500 

n 

ii- 

minute            ,  ■ 

8 

AO 

80 

160 

Fumber 

of  V 

'omen  coring-  and  trimming 

1 

3 

o 

12 

Pounds 

per 

woman  per  minute 

8 

13 

13 

13 

Prepared  basis  (25$  coring  and  trirasuiig  loss): 


Pounds  per  hour 

360 

1,790- 

3,570 

7,140 

"          "  minute 

6 

30 

60 

120 

Blanching  on  belt:  2/ 

Pounds  in  blancher  at  a  tine -3  min,  blanch^/ 

lo 

Square  feet  of  active  blancher  surface 

loaded  ©  2  pounds  per  square  foot 

9 

4-5 

90 

lttO 

Blanching  on  3'x6'  trays:   (l  lb.  per  square 

foot  and  3-minute  blanch) 

Active  length  of  blancher--in  feet  3/  . 

15 

JO 

oU 

Pounds  per  tray  @  1  lb.  per  square  foot 

12 

18 

•  18 

18 

"          "    car  of  22  trays                  -  - 

265 

395 

395 

395 

Cars  per  hour3/ 

iX 

4*5 

•   '  9 

18 

Minutes  per -car 

43 

13 

6.7 

3.3 

Trays  per  hour3/ 

30 ; 

100 

200 

400 

"        11  minute 

0.5 

1.7 

•3.3 

6.7 

Seconds  per  tray 

120 

36 

18 

9 

•ied  basis: 

Overall  shrinkage  ratio  20  to  1 

Pounds'  per  day           •  • 

500 

"  2,500 

5,000 

10,000 

II           '  1!  hour 

24 

120 

240 

480 

"        "    minute   •                .  -• 

0.4 

2 

4 

8 

Packages  per  day  (7  lbs.  per  package) 

71 

360 

715 

1,430 

"           "    hour                                               •  • 

3.4 

17 

34 

69 

Minutes  between  uackages 

18 

3.5 

1.8 

0.9 

l/  Capacity  given  in  tons  per  24-hour  day,  unprepared  basis. 

2/  Recent  experiments  indicate  that  under  best  blenching  conditions  the  blancher 
can  be  loaded  more  heavily  than  indicated  here.    Some  uncertainty  also  exists 
in  regard  to  the  blanching  time  required  to  secure  satisfactory  resrlts.  At 
higher  blancher  loadings,  the  retention  time  must  be  longer. 

3/  The  blancher  size  and  the  number  of  trays  and  cars  handled  are  based  upon  the 
total  weight  of  trimmed  material.    The  actual  weight  handled  rill  decrease 
during  washing,  cutting,  and  blanching,  because  of  leaching  and  loss  of  fines. 
On  the  basis  of  the  loadings'  indicated  here,  -the  size  of  the  blancher  and  num- 
ber of  trays  handled,  '-ill,  therefore,  be  somewhat  less  than  shown  in  the 
table. 

4/  The  overall  shrinkage  ratio  is  the  ratio  of  weight  of  unprepared  raw  material 
to  the  resultant  weight  of  dried  product. 


of  labor  requirenents  are  usually  rough  approximations  becauvse  of  the  large 
number  of  factors  affecting  labor  usage.  '  Among  -these  factors  are:    type  of 
process,  degree  of  mechanization.,  efficacy  of  equipment,  effectiveness  of 
plant  layout,  ' proper  balance  between' operating ' steps ,  condition,  variety, 
grade  of  raw  material,  specification  for  finished  product.,  labor  laws  and  cus- 
toms, working  conditions,  ability  and  training  of  employees,  method  of  pay, 
morals,  and  operators'  individual  preferences  and  policies.     Not  all  of  these 
factors  can  be  evaluated  in  advance.    The  discussion  presented  here  has  been 
largely  based  upon  observations  made  in  canneries  and  dehydration  plants'  and 
the  opinions  of  experienced  plant'  operators. 

Table  6  shows  the  approximate  labor  distribution  in  dehydration  plants  of  var- 
ious sizes.     The  trimming,  coring,  sorting,  and  inspection  labor,  in  commercial 
plants  varies  in  almost  direct  'proportion" to  the  size  of  the  plant.    Thus,  a 
100-ton  plant  drying  cabbage  can  be  expected  to  require  from  10  to  15  women  on 
the  'coring  and  trimming  belt,  a  50-ton  plant,  half  that  many.    This  direct  re- 
lation does  not  hold  true  for  the  other  operations.    As  size  of  plant  in- 
creases, the  labor  requirement  per  unit  of  output  for  these  other  operations 
decreases.    Because  of  the  heed  for  at  least  one  or  more  employees  for  each  of 
many  operations  regardless  of  the  throughput  at  those'  points,  the  smaller-, 
plants  ere  at  a  disadvantage  as  compared  to  the  larger  ones  which  can  make  more 
efficient  use  of  labor. 

The  type  of  drier  affects  labor'  requirements.  '  A  '50-ton  tunnel  drier  requires 
from  10  to  15  employees'  per  shift  for  loading  and  stacking  trays,  moving  cars, 
operating  the  drier,  scraping  trays,  and  washing  trays.     If  a  conveyor-type 
drier  is  used  instead,  and  a  suitable  mechanical  arrangement  is'  available'  for 
spreading  the  product  evenly  over  the -conveyor  belt,  from  2  to  4-  employees  "per 
shift  may  be  necessary  to  handle  the  drying  operations  in  a  plant  of  the  same 
size . 

An  estimate  of  probable  labor  costs  is  presented  in  table  7.    Careful  analysis 
shows  that  the  small  plants  are  at  a  decided  competitive  disadvantage  when 
compared  with  the  larger  ones. 

Estima ted  Construction  Costs 

Estimates  of  building  and  equipment  costs  are  shown  in  tables  8  and  9,  These 
costs  must  be  considered  as  rough  approximations  since  they  cannot  possibly 
include  all  items.     Even  a  plant  that  has  been  completely  engineered  before 
construction  may  present  the  owner  with  additional  cost  items  before  it  is 
finished.    Conditions  vary  throughout  the  country,  and  the  variations  materi- 
ally affect  any  attempt  to  arrive  at  generalizations  regarding  costs. 

Low  and  high  estimates  of  cost  are  given,     There  is  only  a  remote  likelihood 
that  any  plant  will  or  should  be  constructed  at  a  minimum  of  cost  for  all 
items.     Unless  constructed  under  unusual  circumstances,  such  a  plant  would 
probably  experience  operating  difficulties  due  tc  lack  of  equipment  aisd  limited 
floor  space.     Dehydration  plants  should  be  balanced  units,  and  the  costs  of 
various  parts  will  be  low  or  high  in  accordance  with  the  circumstances  affect- 
ing each  particular  machine,  operation,  or  floor  space  requirement. 
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Table  10  presents  a  partial  summary. of  estimated  processing  costs  for  dehydra- 
ting cabbage.     The  cost  elements  included  are'  raw  material,  direct  and  indi- 
rect labor,  packaging,  and  utilities.  . •  - 

Other  indirect  and  overhead  costs  have  not  been  included  in  this  calculation. 
Some  operators  believe  that  total  overhead  costs  should  not  average  more  than 
50  percent  of  direct  labor,  while  others  say  that  these  costs  may  be  equal  to 
or  even  greater  than  the  cost  of  direct  labor.     Still  others  believe  that 
overhead  costs  have  no  relation  to  labor  and  cannot  be  accurately  estimated 
on  a  labor  basis.    r"ide  variations  occur  from  plant  to  plant  due  to  the  fact 
that  overhead  costs  in  vegetable  dehydration  depend  on  such  factors  'as  the 
length  of  operating  season,  cost  of  buildings  and  equipment,  local  conditions, 
and  managerial  policies.     The  complexity  of  these  interrelated  factors  is  such 
that  no  general  estimates  of  overhead  cost  have  been  attempted. 

The  cost  figures,  although  not  complete,  are  useful  guides  within  the  'indicated 
limits.    A  prospective  operator  can  combine  these  figures  with  data  "specific- 
ally relating  to  his  proposed  operation  and  thus  more  accurately  estimate  v/hat. 
his  costs  are  likely  to  be.  . 

The  figures  are  based  upon  continuous  operation,  a'  phenomenon  rarely  experienced 
in  commercial  plants.    Where  operations  are  interrupted  or  are  discontinuous 
suitable  corrections  must  be  applied.     It  is  apparent,  also,  that  the  cost  esti- 
mates.must  be  adjusted'  in  any  particular  situation  according  to  labor  rates, 
shrinkage  ratios,  and  operating  procedures. 
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TABLE  $.— Appr  ox  ins  te  utility  Requirements 


Utility:  and 
application 


2 5 -ton  plantl/       50- ton  plant l/  100-ton '  plantiL/ 


Water 

Potatoes  rnci 

street-potatoes 
Carrots,  boots,  ruta- 
bagas, and  onions 
Cabbage 

Electricity 
Demand  load 


Fuel 

Do hydra tor 
Direct  heat 
Indirect.,  heat 
St. ear.;  heat 

Blanc  herd./  and  inci- 
dental 


Gallons  per  hour 


2,500  to  5,000-       5,000  to  10,000.'    10,000.  to  20,000 


2,000  to  4,000 
600  to  1,000 


4,000  to  8,000 
1,200  to  2,000 


8,000  to  16,000 
2,500  to  4,000 


50  to  70 


Kilowatts 
80  to  125 


150  to  250 


3 5-  to  5  million 
8  to  13  million 
5  to  8  million 
1  to  2  million 


B.  T.  U.  j?Qr  hours 

7|  to  10  million 
15  to  25  million 
10  to  15  million 
2  to    4-  million 


/ 


15  to  20  million 
30  to  50  million 
20  to  30  million 
U  to    8  million 


Boiler  capacity 

Blanching  and  incidental 
De hydra tor  •  - 


25  to  50 
125  to  175 


B. -H. .P.  (actual)2/ 

50  to  100  100  to  200 

250  to  350  500  to  700 


l/  Capacity  given  in  tons  per  21  hours,  unprepared  basis. 

2/  The  lower  limits  of  heat  requirement  and  boiler  capacity  for  the  dehydrator 
are  considerably  larger  than  needed  for  some  vegetables  under  good  operating 
conditions.     On  riced-  rhite  potatoes,  for  .example.,  the  minimum  heat  require- 
ment may  be  less  than  two-thirds  of  that  indicated  in  the  table. 

3/  Lov;  limit,  is  based  on  continuous  type  blancher.     If  batch  type  blancher  is 
used  blanching  steam  demand  will  be  higher. 
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TAELS  6. --Estimated  labor  requirements 


"  '  Number  of  employees  per  shift 
5-ton  25-ton  50-ton  100-ton 
olantl/      olantl/      plant!/  'olanti/ 


Direct  labor 


Feeding  to  preparation  line 

1 

M 

1  M 

1- 

2 

H 

2-  3 

M 

Coring  and  trimming 

1 

F 

3-5  J. 

5- 

10 

F 

10-15" 

F 

Operating  washer,  slicer,  etc. 

1 

M 

Spreading  on  blancher  belt 

0-1  F 

0- 

2 

F  \ 

0-  £ 

■F 

Placing  trays  on  conveyor 

1  M 

1 

M 

1-  2 

M 

Spreading  on  trays 

1-2  F  ■ 

1- 

2 

F 

2-  4 

F 

-Loading  cars 

1 

M 

2  M 

2 

l"i 

2-  4. 

M 

Moving  cars  and  operating 

drier                            -         •  - 

I'M 

2 

M 

3-  4 

M 

ccrapmg  trays  ) 

2  M 

2- 

4 

M 

4-  6 

M 

Final  inspection         lf-        '  ) 

1 

F, 

2-5  F 

4- 

8 

F 

8-16 

F 

.  Packaging,  crating  and  ware-  ) 
housing^/  J 

1 

M 

(    2  F, 

3- 

F, 

4-  6 

F, 

(    2  M 

2- 

3 

M 

3-  5 

M 

Other : 

Foreman 

1 

1  • 

1 

1 

Forewoman' 

_ 

_ 

•  1 

Helpers,  cleanup,  mainr 

to  nance,  etc. 

1 

M 

2-4  U 

4- 

M 

8-12 

M 

iotal  per  shift: 

..  - 

Hen 

5 

11-13 

14- 

20 

2.? -36 

'"omen 

2 

8.15 

13- 

Foremen 

1 

1 

1 

1 

Forewomen 

.1 

Indirect  labor 

Bookkeepers  '  ) 

(1-2 

2-  3 

Stenographers                        )  ' 

1 

2-  3 

( 

1 

1-  2 

Payroll  and  other  clerks  ) 

(1-2 

2-  4 

Superintendent  ) 

1 

( 

1 

1 

Field  man  ) 

1 

( 

1 

1 

Plant  chemist  (and  assist-  ) 

ants )  ) 

1 

1 

1-  2 

Total,  1  shift  per  day 

2 

4-  5 

6- 

8 

8-13 

1/  Capacity  riven  in  tons  per  24  hours ,  unprepared  basis. 

2/    Labor  requirements  for  packaging  depend  on  type  of  container  used. 
Labor  figures  shown  here  are  based  upon  the  use  of  five-gallon  cans, 
automatic  sealing  machine,  and  prefabricated  cartons,  boxss  or  crates. 
The  use  of  natal  foil  containers  or  other  types  of  packages  will  in- 
volve a  different  l&bor  set-up. 


TABLE  7. --Estimated  labor' cos4- per  dry  pound 

;  5-ton  :y;     :-25rton  50-ton  100-ton 

plant  1/    \    plant  1/        .    plant 1/  "  '      via. nil/ . 


Average  hourly  output  .......  .   

j  per  .24. -hour  ,day»  r-  ,   .  ? .'V  v • 

dry  b? sis.?./  '  •    '21  lbs.  "     105  lbs.  2.10  lbs".  £20'  lbs. -  •  *-; 

Direct  labor  ^cost  per 

hour  •  .  ; 

Flen  -  750  oer  hour  &  3.75  25- .9.75  $10.50-15.00  $17.25-27,00 

Women  -  6oj*  per  hour  .  1.20  4.80-  9.00  7.80-15.60  14.40-27.00 

Foreman  .  1.00  1.25  1.25     '    '  1,50 

Forewoman  -  -  ■  1.00 

Total      ■      '  •        •  .  5.95  .14.30-20.00  19.55-3.1.85  34.15-56.50 


Ind  ire  c  t  lab  or ,  cost, 
per  hour  .......  .  -  , 

Bookkeepers  -  75 ^/hr.  ;).'        »   ■•  .'    '"'.(  .75-  1.50         1.50-  2.25 

Stenographers  -  65^/hr.  )  .75  1.40-  2.15  '  (  .65-  ■  ,  '.65-  1.30 
Payroll  and  other  .  )  ( 

clerks  -  75^/hr.  )  (  .75.-  "l..50"-  '     1.50-  3.00 

Superintendent-  )  (1.50  (    1.50  ' f 1.75  • 

Field  men  )      1.25  (  (    1.25  1.50 

Plant  chemist  (and  )  ( 

assistants)  )  .  (  1.00        .  1.25         .  1.25-2.50 


Total..  .  .  2.00  -.  ..    3.9.O.-  1 . 65  6.15-  7.65  8.15-12.30 

l/3  applicable  to- 
each  of  3  shifts  .70     '    1.30-  1.55    /.  2.05-  2.55-       2.70r  4.10 


Total  labor  cost 

per  hour   '.    .*'   ■  06.65    .$15.60-21.55     $21.60-34.40     $36. 85-60. 60 


Labor 'cost  per  dry  '  ....  :  •• 

pound  r'.  "31.5  $     .15  i  0-20. 5  <k  ,     10.5-16.5  0         9.0-14.5  $ 

l/  Capacity  given  in  tons  per  24  hours',  unprepared  basis.  .  . 

2/  Assumed  overall  shrinkage  ratio  is  20  to  1. 
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TABLE  8. — Estimated  cost  of  preparation,-  final 
inspection  and  packaging  equipment 

"ton  plant!/  25-ton  planti/'  50-ton  planti/ 100-ton  plant!/ 


Lof      Hi eh 


Lov 


High 


Lo- 


Hirh 


Lo-: 


Hi?h 


Pre pa rat ion  equipment 
Hand  trucks 
Conveyor 

Coring  and  trimming 

tables 
Corers 
Elevators 

Fa  s  he  r  s  (soaker  or  , 

rotary) 
Conveyors 
Shredder 
Blanc hers 

Conveyors  to  remove 
trimminrs 


$  15 


$  25 


$  - 


Total 


Final  •inspegticji_-and 
packaging  eqripment 
Hoppers 

Inspection  tables 

or  belts 
Hoppers,  scales,  and 

packa  ging  equipment 
R  ©lie r  c  o  nveyor s 
Hand  trucks  and  tools 

Total   '  :  ■_  

Total  cost  of  equipment 

Approximate  installa- 
tion costs  (25?  of 
 equipment)  :  

Total  cost,  installed 


- 

800 

1,200 

1,000 

1,500 

1,500 

2,000 

25 

50 

400 

600 

600 

1,000 

800 

1,200 

75 

100 

150 

300 

200 

400 

300 

500 

5Q0 

700 

■  600 

800 

300 

1,000 

ioo 

300 

i  -300 

600 

500 

1,200 

500 

'  1,500 

.  200 

400 

300 

500 

400 

600 

'200  • 

300 

300 

;  •••  500. 

500 

750 

1,000 

1,500 

1,000 

1,500 

1,500 

2,500 

2,500 

4,000 

5,000 

8,000 

300 

600 

4.00 

BQ0 

.  • . 500 

1,000 

1 ,415 

2,275 

4,450 

7,^00 

6,600 

10,950 

10,800 

17,300 

.25 

50 

100 

200 

100 

200 

150 

.  300 

400 

600 

600 

1,000 

1,000 

1,400 

100 
50 

150  • 
100 

.  300 

200 
"  100  ' 

600 
400 
200  ' 

"400 
250 
150 

800 
500 
30C 

500 
400 
250 

1,000 
600 

400 

175 

300 

1,100 

2,000 

1,500 

2_j800 

2,300 

3,700 

1,590 

'  2,575 

"5,550 

9,400 

8,100 

13,750 

13,100 

21,000 

400 

650 

1,400 

2,400 

2,000 

3,450 

3,300 

5,300 

1,990 

$3,225- 

£6,950 

311,800  ' 

Mo,  100 

$17,200 

"1 3,4-00 

126,300 

is  per 

24  hour 

s,  uripr 

e oared  b 

•is  is. 
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TABLE  9  ..--Approximate  building  .and  equipment  costs 
exclusive  of. boiler  equipment!/ 


—  1 

Pen  of  plant 

5-ton  plsnti/  25-ton. 
icm  High  .  Low  

9  / 

pianL-' 
High  

50-ton  plantS/.  .., 
Low  High 

100-ton  plantS/ 
Lor;  High 

Pt>p n?  fa  t i  on  .   f  i  n?  1 

inspection,  and 

pa c ka g i ng  equ ipme nt 

'02,000'- 

03,250  $7,000 



012,000  ■ 

10,000  017,000 

016,000 

026,000 

Drying  equipment 

4,000 

6,000  12,000 

15,000 

25,000' 

30,000 

50,000 

60,000  ■• 

Building  space  Q  $1 
per  square  foot 

2, £00 

£,700  1,0,000 

16,000 

17,000 

26,000 

29,000 

4.5,000 

Sewerage. 

.  , .-        .  .500 

1,000. 

.1,000 

2,000 

2,000 

3,000  ' 

Office  and' 
laboratory  equip- 
ment 

100 

500  500 

1,000 

500 

2,000 

.1,000  ' 

3,000' 

Machine  shop,  tools 
and  equipment 

i  on 

200   •  250 

500 

500 

1,000 

J  \J\J 

J_  J  J  \J\J 

Total  cost,  exclu- 
sive of  boiler 
equipment!/ 

18,600 

014,650  '030,250  045, 50C 

)  v 54., 000 

078,000 

098,500 

$338,500 

Cost  per  ton  of 
daily  capacity 
(unprepared,  basis) 

§1,700 

A-2,900  ,01,200  01 ,800 

/a,  ioo 

$1,000' 

01,400 

l/  No  cost  allowances  are  included  for  boilers  because  many  dehydration  plants  are 
installing"  secondhand  boilers 'at  a' fraction- of.  cost  of  ner:  ones.     For  example,-' 
one  plant  purchased  a _ secondhand  125  h.p,  boiler  at  an  installed  cost,  including 
accessory  equipment,  of 'approximately  O8,000. 

■Estimates- of  costs  of  "new  boilers  including  piping  and  auxiliaries,  but  not' 
foundations  or  buildings,  are  as  follows: 

Developed  H.P.     Price  per  H.  P.      Developed  II,  P. '   Price  oor.  '11^. 

25  0250  200  0125 

''50-'"  -  V^        .     200  '300  100- 

100  170  500  70 

2/  Capacity  given  in  tons  per  24  hours,  unprepared  basis,  .-  . 
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TABLE  10. --Estimated  "costs  of  ■•producing-  .dehydrated,  -.cabbage 
exclusive  of- overhead'  costs  and  profits-- 

"Cents  pef  dry  pound!/  ..  . 


5-ton 

plants/ 


25 -ton 
plant  2/ 


50-ton  ; 
pla  nt^/ 


100-ton 

piantS/; 


Procossinr  costs  per  dry  pound 
Labor,  direct  and  indxr3ctZ7~ 

From  table  7 
Containers^/ 
Utilities 
Total 

Rav;  npt-arial  costs  per  dry 
-  pound 


,-5 


Cents  per  dry  pound 
15. .0-20..  5    10.5-16.5  9*0-14.-5 


5.5 

 1^2  

8. 0-39. o" 


5.5 
1-2 


5. 5 
1-2 


5.5 
1-2 


11.5-28.0    17.0-24.0  15.5-22.0 


Cost 

© 

;20 

pbr 

ton 

20. 

.20. 

20.. 

20. 

it 

it 

25 

ii 

tt 

25. 

25. 

25. 

25. 

ti 

ii 

30 

it 

it- 

30. 

30.- 

30. 

..-30. 
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1/  Assumed  overall  shrinkage  ratio  is  20  to  1, 

2/  Capacity  ?iven  in  tons  per  24  hours,  unprepared  basis. 

3/  The  lov  linit  of  labor  cost  is  a  sunmatiqn  of  the  low  estimates  for  each 
individual  opera tion,  as  shorn  "in  table  65  it  is  very  unlikely  that  any 
plant  will  operate  rith  an  absolute  minimun  of  labor  in  all  operations. .. 

4/  The  cost  of  containers  includes  25  cents  for  a  single  5 -gallon  can  and 
30  cents  for  the  rire  bound  -ood  box  holding  tro  cans;  the  total  per  can 
is  40  cents,    Costr,  for  other  'containers  should  be  adjusted  accordingly. 
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FIGURE  4 

LAYOUT  OF  25-TON  DEHYDRATION  PLANT-TUNNEL  TYPE 

(  POTATOES  ,  CARROTS,  AND  RUTABAGAS) 
APPROXIMATELY  !4fil 
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FIGURE  5 

LAYOUT  OF  25-TON  DEHYDRATION  PLANT-CONVEYOR  TYPE 

(  POTATOES,  CARROTS,  AND  RUTABAGAS  ) 
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FIGURE  6 

LAYOUT  OF  5-TON  DEHYDRATION  PLANT 

(  POTATOES,  CARROTS,  AND  RUTABAGAS) 


